Introduction
============

Acute kidney injury (AKI) is a clinical event that is frequently observed in major surgical procedures due to modifications in renal perfusion pressure and mediators released as a result of surgical trauma.[@b1-dddt-11-677] Temporarily reduced blood flow and the associated oxygen deprivation to the kidneys are suggested to generate oxygen-free radicals and reactive oxygen species, resulting in collection of inflammatory cells that also lead to a series of reactions. It is quite noteworthy to diagnose this tissue injury urgently so as to apply therapeutic measures as soon as possible.

Neutrophil gelatinase-associated lipocalin (NGAL), which has been shown to be an early marker of AKI, is normally produced and secreted by kidney tubule cells at low levels. However, under ischemic, septic, or nephrotoxic conditions, the amount produced and secreted by the nephron increases dramatically.[@b2-dddt-11-677]--[@b4-dddt-11-677] Besides, it is produced in the granules of activated neutrophils. Thus, it is immediately secreted into urine.[@b5-dddt-11-677] Serum creatinine that has been accustomed to be used as an early biomarker for renal function, however, requires several days to show a detectable increase and is affected by parameters, including muscle mass, gender, ethnicity, and medication.[@b6-dddt-11-677]

In recent experimental and clinical studies, some authors have suggested that increased levels of NGAL in serum and/or urine are identified as an expression of AKI, even before increases in serum creatinine levels.[@b7-dddt-11-677]--[@b10-dddt-11-677]

There is continuing investigation in the field of anesthetics used for the prevention of perioperative injury of kidneys and treatment of renal function loss.[@b11-dddt-11-677],[@b12-dddt-11-677] dexmedetomidine (dex), which is widely used in clinical anesthesia, is a highly selective agonist of α2-adrenergic receptors.[@b13-dddt-11-677] It is effective in sedation, analgesia, and hemodynamic stabilization during anesthesia.[@b14-dddt-11-677] Moreover, it has been suggested to play an important role in ischemia--reperfusion (I/R) injury in several organs, inflammation, and sepsis, in both in vivo and in vitro models, apart from its use as an adjunct in anesthesia and analgesia.[@b15-dddt-11-677],[@b16-dddt-11-677]

Remifentanil is an ultra-short-acting mu-opioid receptor agonist with very rapid onset and offset of clinical action, which makes it unique.[@b17-dddt-11-677] As other opioid receptor agonists, it has also been shown to not only suppress the inflammatory response but also protect against I/R injury in some tissues.[@b18-dddt-11-677],[@b19-dddt-11-677] However, we have little information about remifentanil's renoprotective effects.

The aims of the present study were to compare the possible preventive effects of two agents (dex vs remifentanil) in an experimental I/R model in rats by measuring NGAL levels and evaluate the relationship with histological examination in the first hours of AKI.

Materials and methods
=====================

Animals
-------

Animals were housed and cared for in the Animal Resource Center and allowed free access to food and water. All procedures were reviewed and approved by the Institutional Animal Care and Use Committee of the Ankara Research and Training Hospital and were performed in accordance with the "Guiding Principles for Research Involving Animals and Human Beings".

Experimental protocol
---------------------

In the present study, 30 Sprague Dawley adult rats weighing 200--220 g were used. The study was approved by the ethical committee on animal research of Ankara Research and Training Hospital. The animals were housed under controlled conditions that included a 12-hour light/dark cycle (08:00--20:00 light; 20:00--08:00 dark), temperature of 23°C--25°C, humidity in the range of 55%--60%, and free access to standard food and drinking water. The rats were anesthetized by a single dose of Ketalar^®^ (ketamine, ketamine HCl; Pfizer, Bristol, UK; 50 mg⋅kg^−1^) injection intraperitoneally (ip) before surgical operation.

Animals and experimental protocol
---------------------------------

The preparation in the experiment was based on a previously described method for experimental renal I/R.[@b20-dddt-11-677] The animals were randomly separated into five groups, each containing six rats. Following anesthesia induction, the abdomen of rats was dissected and right nephrectomy was performed. In the control group (group C, n=6), the rats were sacrificed after taking blood samples and removal of right kidneys without any infusion. In the saline group (group S, n =6), normal saline infusion was started after anesthesia induction and the right kidney was harvested without left renal ischemia and reperfusion. In the sham group (group Sh, n=6), following anesthesia induction and right nephrectomy, normal saline infusion was started as in group S but left renal ischemia was also performed by occlusion of the left renal artery for 30 minutes. Then, the arterial clamp was removed and reperfusion of the kidney was observed for 30 minutes. In dexmedetomidine-treated group (group DEX, n=6), right nephrectomy and left renal I/R were performed, but in addition to these, Precedex (dexmedetomidine hydrochloride 100 μg/2 mL; Abbott Laboratories, North Chicago, IL, USA) was infused at 3 μg⋅kg^−1^⋅h^−1^⋅following a bolus of 3 μg.kg^−1^ over 10 minutes simultaneously at the starting time of abdominal dissection until the end of the surgical procedure. In the remifentanil-treated group (group REM, n=6), remifentanil was infused at 2 μg⋅kg^−1^⋅min^−1^ starting simultaneously with abdominal dissection for right nephrectomy and left renal I/R until the end of the surgical procedure. Blood samples were drawn from all animals at predetermined time points, so as to evaluate serum levels of NGAL (T0: basal, T1: 15 minutes after ischemia, T2: 15 minutes after reperfusion, and T3: 6 hours after the end of the surgical procedure). Serum lipocalin-2/NGAL level was determined by Lipocal-in-2/NGAL PicoKine™ ELISA kit (sandwich ELISA kit for quantitative detection; Boster Antibody and ELISA Experts, Boster Biological Technology, Pleasanton, CA, USA). Also, all through the procedure, the mean arterial pressure (MAP), heart rate (HR), and body temperature were monitored and recorded at the same predetermined time points. Then, all rats were sacrificed after 6 hours following reperfusion, and left kidney was harvested.

Histopathological evaluation
----------------------------

The extracted kidneys were fixed in 10% formalin and embedded in paraffin. Sections of the tissue were cut at 5 μm and mounted on slides. The coded kidney specimens were stained with hematoxylin and eosin and periodic acid--Schiff (PAS) method and examined in a blinded manner under a light microscope.

Histological alterations were evaluated by quantitative measurement of acute tubular necrosis (ATN), which was assessed by counting the number of necrotic and apoptotic cells, loss of tubular brush border, tubular dilatation, and cast formation as follows: 0= none, 1=0--10%, 2=11%--25%, 3=26%--45%, 4=46%--75%, and 5=76%--100%. Histological changes because of ATN score were evaluated in the outer line of the outer medulla on each PAS-stained slide. As a minimum, 10 fields (×20) were evaluated for each slide. Apoptosis was described as cellular rounding and shrinkage and nuclear chromatin condensation. Apoptotic tubular cells were quantitatively evaluated per 10 high-power fields (×40) in the outer line of the outer medulla by the pathologist in a blinded manner.

Statistical analysis
--------------------

Study data were entered into the computer and analyzed using the Statistical Package for the Social Sciences (SPSS) for Windows version 22.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were presented as median (range). Normal distribution of the variables was tested by visual (histogram and probability graphs) and analytical methods (Shapiro--Wilk test). In order to assess the statistical significance between two dependent groups, Wilcoxon signed-rank test; between three dependent groups, Friedman test; and between three independent groups, Kruskal--Wallis test were used for variables with non-normal distribution. In case of a statistically significant difference between three dependent groups and between three independent groups, post hoc Bonferroni correction was used. Statistical significance level was set at *P*\<0.05.

Results
=======

All of the 30 animals successfully completed the experimental protocol. There was no statistically significant difference in regard to hemodynamic parameters (MAP, HR) and body temperatures of the animals.

Renal function changes
----------------------

For in-group comparisons, the plasma NGAL levels (pg⋅mL^−1^) did not change at any time point (585.6 pg⋅mL^−1^) in group C. In group S, the plasma NGAL levels exhibited a considerable increase at T1 (567.3 pg⋅mL^−1^), T2 (670.6 pg⋅mL^−1^), and T3 (640.6 pg⋅mL^−1^) compared to the levels measured at T0 (530.6 g⋅mL^−1^; *P*=0.014; [Figure 1](#f1-dddt-11-677){ref-type="fig"}). In group REM, there was a significant increase in plasma NGAL levels at T3 (624.0 pg⋅mL^−1^) in comparison to T0 (530.6 pg⋅mL^−1^), T1 (574.0 g⋅mL^−1^), and T2 (537.3 pg⋅mL^−1^) time points as shown in [Figure 1](#f1-dddt-11-677){ref-type="fig"} (*P*=0.019). In group DEX, plasma NGAL levels at three predetermined time points were not different from basal levels and each other (*P*\>0.05).

When the groups were compared to each other, plasma NGAL levels measured at T2 (670.6 pg⋅mL^−1^) in group S were significantly higher than the levels measured at the same time point (520.6 pg⋅mL^−1^) in group DEX (*P*=0.031). The plasma NGAL levels (pg⋅mL^−1^) measured at T2 and T3 in groups S and REM varied significantly in comparison to other groups (*P*=0.014 and *P*=0.019, respectively). There was no significant difference between the NGAL levels of groups Sh, DEX, and REM at the mentioned time points (T2 and T3; [Figure 1](#f1-dddt-11-677){ref-type="fig"}).

Renal histology changes
-----------------------

With respect to ATN, there was no difference between right and left kidneys in all groups (*P*\>0.05). All the groups, except group C, showed statistically significant difference between right and left kidneys (*P*\<0.05; [Figure 2](#f2-dddt-11-677){ref-type="fig"}).

Acute tubular cell numbers were significantly higher in left kidneys of group C in comparison with the ones in group S and the ones in group REM (*P*\<0.05; [Figure 3](#f3-dddt-11-677){ref-type="fig"}). The median number of apoptotic cells in left kidneys was statistically significantly higher in groups C and S in comparison to groups Sh, REM, and DEX (*P*\<0.05; [Figures 2](#f2-dddt-11-677){ref-type="fig"}, [4](#f4-dddt-11-677){ref-type="fig"}, and [5](#f5-dddt-11-677){ref-type="fig"}).

On the other side, in groups Sh, S, REM, and DEX, apoptotic cell numbers showed an increase with relevance to time (*P*=0.042, *P*=0.043, *P*=0.043, and *P*=0.043, respectively; [Figure 2](#f2-dddt-11-677){ref-type="fig"}). In these groups, apoptotic cell numbers of right kidneys were significantly higher than the ones of left kidneys (*P*\>0.05; [Figure 2](#f2-dddt-11-677){ref-type="fig"}).

Discussion
==========

In the present study, we compared, for the first time to our knowledge, the probable protective effects of infusions of two agents, namely, dex and remifentanil. The right kidneys were the ones exposed to only intravenous anesthetic agents. They were not treated with any study infusions. Hence, higher ATN and apoptosis observed in right kidneys were attributed to the absence of the possible renoprotective effects of these agents.

Dex has been studied intensely as a sedative agent both in intensive care units and surgical settings, due to its superiority to benzodiazepines and propofol.[@b21-dddt-11-677] As a result of the presence of adrenoceptors in human kidneys, dex has been reported to be significantly beneficial in perioperative renal functions.[@b12-dddt-11-677],[@b22-dddt-11-677],[@b23-dddt-11-677] However, the underlying mechanism of this activity is still not clear. Most of the authors have supported the role of dex in reducing renin release with increasing water and sodium excretion and urinary output perioperatively.[@b24-dddt-11-677]--[@b26-dddt-11-677] Additionally, dex has been shown to attenuate renal I/R injury, primarily in murine models.[@b27-dddt-11-677],[@b28-dddt-11-677] According to a study performed by Kocoglu et al,[@b29-dddt-11-677] dextreated rats had less apoptotic cells and histological lesions. Si et al[@b30-dddt-11-677] also demonstrated improved tubular histology in renal ischemia model of rats when dex was infused. In our study, left kidneys in DEX had less necrotic cells and apoptotic tubular cells with regard to the left kidneys of saline-infused group. Besides, plasma NGAL levels were comparable between dex-treated and sham groups at all measurement times. This might be attributed to reduction in excessive free radicals indirectly by reduced noradrenalin secretion due to dex's activity at presynaptic alpha-2 adrenoceptor.[@b31-dddt-11-677] An increase in the concentration of antiapoptotic proteins and reduction in necrotic cell death caused as a result of decreased sympathetic tone by dex are the other possible underlying mechanisms.[@b32-dddt-11-677] Our finding is similar to other authors' reports in murine models,[@b30-dddt-11-677],[@b31-dddt-11-677] but there are also clinical studies[@b32-dddt-11-677] reporting unfavorable notifications about dex. Most of these trials, which were performed in cardiac surgery patients, had indicated no influence of dex on renal functions.[@b25-dddt-11-677],[@b33-dddt-11-677] Kulka et al[@b34-dddt-11-677] associated this protection provided by these agents with their adrenergic-mediated vasoconstriction. Indeed, these contradictory results might have resulted from different timings and dosings of dex infusion used in trials. Cakır et al[@b35-dddt-11-677] pointed that 10--100 mg⋅kg^−1^ doses of dex had renoprotective effects in renal I/R injury, similar to the other studies in this subject. On the other hand, in a study, it is reported to be administered before ischemia for renal function improvement.[@b12-dddt-11-677] We actually started infusions, as soon as anesthesia was induced. This effect was supported by the obvious reduction in blood urea and creatinine levels and significant changes in histopathology in another study.[@b12-dddt-11-677] The low dose we applied was the same as had been tried in a recent study.[@b34-dddt-11-677]

Remifentanil, currently being one of the most used agents in clinical practice of anesthesia, has been reported to have protective effects against I/R injury.[@b35-dddt-11-677] In a study, cardioprotective effect of remifentanil via alpha and beta receptors had been shown.[@b36-dddt-11-677] However, there have been no controlled studies for comparison of remifentanil and dex regarding their protective effects. Yang et al[@b37-dddt-11-677] demonstrated remifentanil's activity in suppressing inflammatory response and reduction of hepatic I/R injury. As there are reports suggesting the effectiveness of continuous infusion of remifentanil as much as pre-/post-conditioning with it, we also preferred to infuse remifentanil, following anesthesia induction.[@b38-dddt-11-677] In a clinical study performed in uterine I/R injury, the authors demonstrated remifentanil's activity in reduction of histopathological lesions and oxidative stress markers.[@b39-dddt-11-677] This is probably due to the opioid-binding sites in rat kidneys. We also observed that remifentanil decreased necrotic cell number and tubular cell damage when compared with non-treated groups. The effect of remifentanil on apoptotic cell number was not as effective as in the dex-treated group. Additionally, the plasma level of NGAL was as low as in the group not exposed to I/R injury, after both ischemia and reperfusion. However, the histopathological findings and NGAL levels were not as satisfactory as in the group DEX. In our current clinical practice, remifentanil is more commonly used than dex, so its favorable effects are also important for clinicians.

In this study, our last check of the parameters was at the sixth hour after reperfusion, due to high cost of the laboratory tests; thus, we could not follow whether the renoprotective effect continued until the 24th hour or not. However, we believe that our findings might be informative.

Either ischemic or toxic kidney injury has been reported to damage endothelial and tubular epithelial cells of kidneys, leading to interstitial fibrosis and glomerulosclerosis. Therefore, recognizing new effective therapies and the preventive effects of drugs to suppress organ damage during I/R is clinically important.[@b40-dddt-11-677]

We tried to associate the plasma levels of NGAL with the severity of renal I/R injury and renoprotective effects of two agents. Recently, NGAL has been demonstrated as an early biomarker of rapid prediction of renal insufficiency.[@b41-dddt-11-677] In the perioperative period, this is important, especially in debilitated patients with comorbidities, since early detection and management of AKI treatment deserve particular importance. Sprenkle et al[@b42-dddt-11-677] reported that NGAL might be a useful marker for detecting renal injury with poorer preoperative renal function and susceptibility to AKI.

In this study, we had an ischemic injury period of 30 minutes, followed by a reperfusion period of 30 minutes. Although there are variabilities in this subject from one study to another, we believe we were in the range reported in the other experimental study.[@b43-dddt-11-677] Our results demonstrated that remifentanil might reduce the effects of renal I/R injury, but it was not as effective as dex. We used remifentanil at a very low and constant dose in this study, so we could not make an interpretation for differentiation of the response due to different opioid receptors. Remifentanil, used mainly as a continuous infusion agent, may protect against ischemic injury during preconditioning and post-conditioning. We experienced this effect in this study. Thus, this study leads a way toward understanding the effect of remifentanil as a safe opioid. We believe we need new experimental models that will be similar to clinical situations due to the limited studies in this aspect.

Conclusion
==========

Dexmedetomidine has been demonstrated to play an important role in protection against I/R injury in rat kidneys, supported by histological changes and a biochemical marker NGAL. However, other intravenous anesthetic agents that are commonly used should also be investigated for comparison in other studies so that these results might guide the preference for the appropriate anesthetic agent.
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![The distribution of plasma NGAL levels in the study groups at predetermined time levels (T0, T1, T2, and T3).\
**Notes:** \**P*\<0.05 for group S, in comparison to T0. \*\**P*\<0.05 for group REM, in comparison to T0, T1, and T2. \*\*\**P*\<0.05 for T2 in comparison between groups S and DEX. ^&^*P*\<0.05 for T2 and T3 in comparison between groups S and REM.\
**Abbreviations:** NGAL, neutrophil gelatinase-associated lipocalin; T0, basal; T1, 15 minutes after ischemia; T2, 15 minutes after reperfusion; T3, 6 hours after the end of the surgical procedure; S, saline group; REM, remifentanil-treated group; DEX, dexmedetomidine-treated group; Sh, sham group.](dddt-11-677Fig1){#f1-dddt-11-677}

![The distribution of tubular necrotic and apoptotic cell number in right and left kidneys in the study groups.\
**Abbreviations:** Sh, sham group; S, saline group; REM, remifentanil-treated group; DEX, dexmedetomidine-treated group; ATN, acute tubular necrosis.](dddt-11-677Fig2){#f2-dddt-11-677}

![Left renal tubules showing hyaline cast (arrow) (\>75%) in S (×40).\
**Abbreviation:** S, saline group.](dddt-11-677Fig3){#f3-dddt-11-677}

![Left renal tubules with few apoptotic cells (arrow) in DEX (×40).\
**Abbreviation:** DEX, dexmedetomidine-treated group.](dddt-11-677Fig4){#f4-dddt-11-677}

![Left renal tubules with dilatation, loss of brush border, and apoptosis moderately in REM (×20).\
**Abbreviation:** REM, remifentanil-treated group.](dddt-11-677Fig5){#f5-dddt-11-677}
